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HEIGAT OF BURST FOR ATOMIC BOMBS (AFTER UPSHOT-KNOTHOLE)

Harold L. Brode

I. INTRODUCTION

The "height of burst” or HOB effect, (referring to the increase in peak
overpressures due to Mach reflection), has long been considered an important

factor in atomic bomb blast damage.
(1)

The early Los Alamos Blast Wave volumes (1947) included a chapter on

Mach reflections and height of burst effects for atomic exploslions. By 1549 the

effect was predicted in more detail in the LA-?hB(‘) Los Alamos report. But

since litile atomic bomb blest dats existed prior to publication of the SANDSTONE
(19L48) test results,(3) the several assumptions about blast efficiency, TNT data,
free air overpressure curves, and reflection coefficients underwent considerable

change in such later papers as LA-7b33(c) (L)

(5)

and the SANDIA reports SC-1516(tr)
and SC-18%7

Atomic test data from GREENHOUSE(é) (Spring 1951) and later from BUSTER-
JANGLE(7) (Fall 1951) disclosed a serious discrepancy between predictpd and
measured overprecsures and lead to a limited report by Porzel( ) which in turn
rreceded the plenning of the effects program for the TUMBLER test series.

It is not the purpose of thi: repoct to pressnt a detailed accoun® of the
d0B picture L.oior to Lhe TUMBLIR-SNAPPER test series, and it is reccmmended that
thore readers interested in such information consult the OPERATION TUMBLER report,

Pressure-Distance~Height Study of £50-1b. TNT Spheres,(9) by J. D. Shreve, Jr.,

since iv affords an excellent history and analysis of the HOB effect up %o

OPESATICN TUMRLER. The same report also pointa out the lack cf useful correspondence
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between TNT and nﬁclear explosicn data. The Armour Research Foundation final

(10)

report on IBDA also gives considersble sitention teo the pre-TUMBLER HOB

{or ped-h) concepts.

The issuance of many reports on the HOB effect and the supplementing of and

(11)

then the revision eof the AFSWP Capsbilities of Atomic Weapons handbook should

indicate the rapidity with which the HOB picture is still changing.

The TUMBLER series (Spring 195%) was designed with particular attention to
the height-of-burst problem, and the data obtained(12’13’lh’15’16’17) have served
a8 the vasis for most HOB curves drawn since then. The TUMBLER ¥esults, however,
disclosed several blast wave features that required further study,(lE’IY’lB) 80
the UPSHOT-KNOTHOLE (Spring 1953) effects program was designed with particﬁlar
attention to investlgations of thermal surface effects, possible pressure dif-
ferences at heights above the ground, the correlation of dynamic pressure and
peak overpressure, and the effect of a very high burst.

Section II of this report includes the HOB data of TUMBLER and UPSHOT-KNOTHOLE
and some sets of corresponding curves. The free air pesk overpressure curve as
measured at TUMBLER and the deduced TNT eguivalent blast energy are also dis-
cusgsed.

Section III considers in a very peneral way several factors which affect the

appileability of these HOB curves to target damage from airburst atomic bombs.

TI. TRES ATR AND HEIGHT OF BURST DATA

FREE AIR CURVE

The measured peak overpressure from an alr burst atomlc explosion in the
azbsence of reflectlions or refractionz is useful in estimating the blast warn
enerpy or the partition of bomb energy. The blast efflciency of a nuclear bomb

ia Lhe percentsge ratio of its blast energy te its total or raurd-chemic.l 7Lz24.

3
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The blast energy is generally derived from a comparison of the free air peak
vverpressure cwve wlin a courrespunuilngly scsivd iTni ur penvullie uverpressure
curva.

In the past, atom bomb blast efficiencies have ranged from better than 75%
for DIKINI-ABLE or 66% for GREENHOUSE shots to between 50 and 4O% for the TUMBLER
shots. This wide range may be as much due to the nature of the comparisons with
TNT curves and tc inaccurate data as to eny real partition differences between
various atomic bombs or tests.

Several reasons may be given for the varlance in partition estimates, the
primary reason being the initial spread in overprassure data. As a result of the
cube root scaling with energy, a displacement of a pressure-range curve (usually
fitted visually to a set of maeasured pressurss with some unavoidable error) is
reflected in the blast energy or efficiency as & discrepsncy three times as large.

A sscond reason for differences in partition estimates stems from the lack
of aimilarity in TNT and atomic blast curves leaving the snalyst some freedom in

| : fitting or conmparing them. The differences in the free air peak overprassure
curves 13 greatest near the expiosion center since initial pressures for TNT are
characterized by chemical reaction temperatures whils atomic explosions involve
temperatures and pressures many times larger. These excessive initial pressures
in a nuclear explosion may be responsible for a later balance of energies and
pressures somewhat different from that in an equivalent TNT explosion, since the
loss through heating is more rapld at higher pressures.

Nuclear explosions are also accompanied by considerabls thermal radiation
which can affect both the early and late blast wave energles or pressures. At
large distances the atomic blast may have gained energy through the late ab-

sorption of either direct or reflected radiation, while the sarly phases of a
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nuclear explosion are known to be intimately connected with and profoundly af-
fected bv the thermal radiation throughewt the formatien and erawth of the fice.
ball and nitrous oxide layera.(l)

Asymmetries and jetting in the fireball and early shcck wave may also con-
tribute to differences in partition estimates since the blast becomes a function
of azimuth as well as distance. Asymmetries in tower shots at GREEHHOUSE(é) and
UPSHOT-KNOTHOLE(lg) have been observed to be of significant magnitude. The
agymmetries are closely agsociated with cable jets or large shielding masses near
the bomb. The cable jets are responsible in part for increased damage and at the
same time for the slow shock riase times and lowered peak overpressures observed
in their vicinity. The large shielding masses have the opposite effact, leading
to clean, sharp shock fronts. The total impulse and blast energy may not show
such ssymmetries, however, and it is postulayed that the peak pressure asymmetries
are a result of thermal radiation interactions with the materials and surrounding
alr of the same naturea as are involved in the precursor action observed at recent
low altitude shots.

Althoupgh instability and Jeiting ars the rule in TNT detonations, nuclear
blasts, dominated in the early phases by radiation diffusion, produce vary
isotropic blaat waves if large non-concentric masses are not involved. Because
of the early radiative phass symmetrical blasts are expscted even for high
velocity delivery, i.e., there should be little directional e “ect due to bomb
or misaile motion. In other words, air burst atomic bombs may safely be considered
to have no significant asymmetric blast effects.

A fourth source of lesser differences in efficiency estimates is the con-
tinuing change in total yield figures in the months after a test is shot and

during the time these reports are being written and published.
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A fifth and relatively minor source of error is in the lack of agreement
batwasn the varinna TNT aw nantplite theametianl (Kirkvccﬂ-Brinklzy)(20)'(21)’(22)
curves usede The effects of charge shape, and the variations in energy release
per pound of different high explosives, and the amount of this energy not effective
in blast are all contributory to the general lack of agreement.

In the face of these exouses for "disagreement”, the Operation IVY tests may
indicste that the partition of energy may really vary and that consequential
deviations from the supposed constancy of energy partition do exist for large yield
bombs, although the extent of this variation is masked by uncertain meteorological
offects. The evidence for decreasing thermal energy (golng from about 35 or LO
percent of the total yield for small bombs to about 15 or z0 percent for super
bombs), does not necessarily substantiate the supposed increase in blast partition
since much of the radiation escape occurs too late to affect the peositive over-
pregsures.

Calculations of blast energy based on the actual spatial distributicns of
pressure (P), density (p), and particle velocity (u) would be more reliable,
particularly where wave forms of TNT and atomlc blaats are known to differ or whera
the atomic blast includes precursor effects or any other deviations from the "ideal®”

case.
R

P
. P 1 & 2 L Py
Blast h"S (Gry=Tr*zu)er dr - =3
0

R3

The free air peak overpressurs curve of Figure 1 indicates very little of

these ambiguities, but represents a visual fit to the data deduced from TUMBLER

(1%,1L)

rocket-trail and firaball photography and by parachute canrdster gauges

c I3 %
fron TuMBLER-SNAPPEREY, 1v1(%) ana upsnor-kNoTHOLE'®) 11 scaled to one

kiloton at sea level. Mgure 1 glso includes for compari.son the Kirkwood-Brinkley
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<1
TNT curve( ) scaled to one-half kiloton (50 percent efficiency). Not shown in

tpie Maumo fa the fant that +he hull Af RCUAT_VNOTYHLT R and ARRENUNICE dats 1das

sbove the TUMBELER free air curve (shown) in the region between 300 psi and 10 psi.
TUMBLER and UPSHOT-KNOTHOLE HOB DATA

Seversl laboratories (NOL, SRI, SANDIA, LASL, DTMB, BREL) have engaged in
ground-level measurements of blast pressure using a variety of gauges and methods.
Measurements of particle velocity, sound velocity, air temperature, and density
also have been instrumented.

Since each group analyzes and reports its findings in its own way and in
separate reports, the final results sutfer somewhat for lack of a standard form
of presentation and comparison. Resulis cannot be reported as measured, since
raw data are not usually of a form that can be directly read or quoted, and in
the analysis of records some corrsctions and manipulations are necessarily made
that cannot appear in detail in final reports. In some cases the final data has
been scaled to ses level atmospheric conditions and to a one kiloton yield. The
scaling constants used by each group do not always agree, nor do the methods.

In addition, pesk pressure measurements quoted may be maximum pressures,
shock pressures, initial rise pressures, or extrapolated shock pressures, and
even when the detailed pressure-time traces are reported, it is difficult to
properly evaluate and extract the data since wave forms vary from point to point
and the sipgnificance of each feature depends to a considersble extent on how the
derived results will be used.

(1)

The AFSWP preliminary TUMBLER report = s which avoided scme of theaze dif-

ficulties by using preliminary field data, affords an excellent early summary of
.
the effects programs. The corresponding UPSHOT-KNOTHOLE report(‘ﬁ) is equally

well done, snd includes much of what was learned from that and earlier tests.
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Peak overpressure versus ground range curves glven in these reports together
with each Laboratory's data are shown in Figures &, 3, L, 5, 6, ?*. Smooth curves
are empirically drawn through the TUMBLER points and a S percent average mean
deviation is claimed for the data of all groups.

It is important to note that these smoothed curves were scsled to one kiloton
at sea level and used to plot the HOB points of Figure B, and that a set of curves

were again visually fitted to these points with the upper portions determined by

the TUMBLER free air curve and the reflsction factors from SC-lBE?(Tr)(S). The
ground level points were derived from JANGLE surface data.

For the purpose of indicating the initial spread of data it is desirable to
plot HOB points a3 derived independently from each laboratory's report**. This
is done in Figures 9, 10, and 11 using data as reported in references 13 through
16 (by SRI, NOL, BRL and DTMB respectively), references £7 through 30 (by NOL,
SRI, SANDIA, BRL), and earlier test results as given by Porzel(17). This data is
compared with the AFSWP HOB curves from reference (1£). Fipgure 10 also contains
INT curves {1/% KT) scaled from SANDIA <50-lb. teats(g), indicating the lack of
correspondence.

In the case of David Taylor Model Basin results, where several instruments
vere used at a single station and a number of points resulted, limit lines have

been arbitrarily attached to indicate the extremes of this spread, but they should

not be interpreted in any exact sense since the extrapolation was gross.

*The results of BRL measurements as reported in reference (15) have been addsd to
the TUMBLER plots, but the curves have not been changed,

|

|

! **Porzel in his Surface Effects preliminary report (17) made such a plot using

| field data and some &50-1b. INT sphere data from SANIDIA which he then compares
} with several curves corresponding to "thermal," "mechsnical," "idesl," and

| "free air" effects. Although later duta does not entirely agree with points

' Porzel plots, the results are similar.
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In these figures the AFSWP curves prove to be reasonable fits to the data
(with the possible exception of the 1x psi curve), although any number of dif=-
ferent curves would appear to be equally good fits. These curves can represent
the HOB effect for atomic bombs only if it is valid to simplify the problem to
such an extent that differences due to surface effects, daviations from cube=
root scaling, height and type of target, and other influences are ignorabley that

is, only to the extent that a single maet of curves can be meaningful.

IITI. INTERPRETATION AND APPLICATION OF HOB CURVES

In finding optimum burst heights and in using the usual height of burst

curves one should consider the following points:
1.) The reproducibility of these HOB curves, or the reliability
with which such data can bs applied to seemingly identical bombs

and targets.

%.) The changes that can be reliably predicted for different target

or surface tyress; i.e., the predictability of surface effects.

3.) The expected changes in these curves with the height of the target

sbove the ground.
4.) The relation of the pesk overpressure to the damage.

5.) The reliability of acaling procedures when thermal interaction with

surfaces ig important or where the precursor effects are present.

(1.) REPRODUCIBILITY OF HLAST PATTERNS
Both the multiple measurements at a single test shot and the corresponding

measurements at two "similar" shots exhibit a natural and unpredictable spread;
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consaquently sny study whose results may depend critically on elther the shape
or the absolute values of the HOB curves should include some consideration of
this dispersion or variation between essentially identical circumstances.

It is not surprising t+hat such an apparently random dispersion of results
should exlist when the nature of the measured pressure-time curves is considered.
In nearly every case the traces show the superposition of high frequency and very
irregular perturbations on a gross compression wave of predictable form (outside
of the anomolous reglon of the precursor).

The peak overpressure may be unduly influenced by these rapid fluctuations,
so it would seem unwise to accept the obgerved values as direct measures of the
strength of an ideal shock wave since this would imply much larger fluctuations
in the total damage capability of the blast than is warrantied by the actual
pressure-time record.

The effect of such variations must be considered in connection with the
type of target and damage involved. For targets capable of responding to high
frequency pressure pulses or to large local variations in the blast wave, the
damage resulting may be expected to exhibit the preatest dispersion, while gross
drag~-type targets might be expected to show damage more nearly as predicted with
little varlation due to the short range and high fregquency blast perturbations.

For nearly all types of targets, the nature of response to loading is such
a8 to place the greatest importance on the initial forces, since subsequent forces
encounter increasing resistance. As a conasquence, structures whose fundamental
periods are of the same order as the blast duration are more critically influenced
by the initial pressure rise than by the total duration. %hat i3, a degradation
in peak overpressure may be more serious than a comparsble reduction in positive

duration.
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It i3 suggested, therefore, that, whenever possible, specific consideration
of the effect of such deviations from predicited overpressures on the conclusioans
or assumptions of a study be made a part of such a study. Some feeling for the
magnitudes of these deviations may be gained from referring to the plots of

measursd overpressures, Figures &, 3, L, 5, 6, 7.

{£.) TARGET OR SURFACE EFFECTS CN BLAST

The HOB curves illustrate the primary surface effect, which is the effect of
Mach reflection of shock waves, §ut sacondary effects of various real, non-ideal
surfaces are not as well known.

In both the TUMBLER and the UPSHOT=KNOTHOLE test series considerab}e effort
was directed toward understanding the effects of the Nevaeda desert surfgces on
the blast wave.

(17,18)

The Precursor, first noticed on TUMBLER=} and, on re-examinétion, on

other low a}titude bursts, and more recently found prominent on UPSHOT-KNOTHOLE-IOSZb)
is a shock wave that actuslly precedes the initial wave near the ground, causing a
slover pressure rise and accompanying signs of considerable turbulence and ire
ragular fléw. Its origin seems to be closely associated with the interaction of
the blast wave with the thermal radiation through the heating of the air near the
ground. The phenomenon is discussed and partially analyzed in a recent Sandia
Corporation publication.(3l)

In regions of precursor action the precsurs wave is generally erratic and
frequently lacking in any sharp pesk. The dynamic pressures are also very rough
but are not much reduced from ideal predictions. As a consequence, piressure

sensitive targets may be less damaged, while drag type targets may be damaged to

the full extent of predictions. Some actusl enhancement of damage may be achieved
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by the increased upward and horizontal coﬁponcnts of the blast wind and this
possibility will be subject to fubire atomic test study,

In built-up targets the peak overpressures may be reduced, especially in
Mach reflection regions, as may also the dynamic pressures. In the "tree-gtand®
on UPSHOT-KNOTHOLE the pzeudo=static and dymsmlo pressures fluetuated rapidly,
The dynamic pregsures were less reduced, however,

Outside of precursor regions and aside from buiiteup surfacss, the peak
dynamic (q) and pseudo-static overpressures (Ap) at the ten=foot level agreed

fairly well through the Hugoniot relation

5 (ap)?
T3 Mo+

[o}

in which p_ is the ambient, preshock pressure, and q = 1/2 pu2 is the peak
dynamlc pressure. Sore slight increase in dynamic pressures above predicition is
cbserved near the Mech triple peint, but this requires further confirmation.
Subject to close study of UPSHOT-KNOTHOLE data and further test results,
current ‘conclusiong indicate that ground surfaces mgy with sufficient thermal
radiation degrads the blast wave, 2ffocting the nseudo-gtatic presgsure more

aeriously than it does the drag forces or reneral a capability.
Y ag I

(3.} TARGET HEIGHT

Pressure prafiles ab ten and Fifty fect above the desert surface were ree
corded at saveral stations on Oporablon TUMBLER, and both pseudo-stetic and
dynamic pressares vere measured on Operation UPSHOT~-KNOTHOLE abv vardous heights
anoto oixty fect.

{n reriona of repular reflection the overprgsamre above the surface arrives

in zn ioeident end a reflected shock zeporated in time and lowsr in peak value
: PRETIALD
CONEIDEMTIAL
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than the pressure on the ground. The peak dynamic pressures correspond well with
those calculated from static peak overpressures in these regions.

In Mach reflection regions even after the triple point has risen to cone
siderable height the peak pressura above the surface is generally lower than the
surf&ce pressures. The triple point pressure may be about fifteen percent lower
than the ground level pressure.

The measured dynamic pressures at the farthest stations on UPSHOT-KNOTHOLE
exceed the values calculated from pesk pressures by more %han instrument error.
This excess in drag forces is consistent with the observation that the Mach stem
is nearly vertical despite the decreasing overpressure above the ground. A
decreasing pressure would ordinarily predict decreasing shock and particle
velocities and an accompanying backwards bend to the Mach astem,

The slow rises and degraded peaks in the precursor region are less evident
at heights above the surface. The turbulent nature is still present but the
measured dynamic pressures exceed thoss caleulated from measured overpressures by
as much as a factor of two a few feet above the ground,

It should be evident, therefore, that a factor of considerable interest in
predicting damage is the height of the target atructure, since ground-level
pressuras do not represent well the blast parametéra above the surface. Sets of
height of burst curves optimizing pressures at the ten or twenty-foot levels

would be useful.

(ke) PEAK PRESSURE VERSUS DAMAGE

For ordinary chemical explosive blasts the duration of blast wave is short
relative to response times of targets and damage 1s caused by a short impulsive
loading. For atomic explosions, however, the duration is comparable to the

characteristic perinds (fundamental modes) or target structures and the dynamic
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(wind) pressure becomes a more effective force.

For a shock wave in alr the peak values of the dynamic pressure (qs)’ the
wind velocity (us) and the density (p’) are relsted to the peak overpressure (Ap)
by the following relations in which the amblent alr pressure snd density are

indicated by P° and Po?

. 1 2 5 A
qs ZPsU "% TP + Ap
5

7 + 68p
pﬂ - pO ry AP_—

Since damage by dynamic forces is not linear in static overpreasure, the
gsignificance of deviations in blast strengths may be obscured by reference only
to the overpressure.

Furthermore, knowledge of these peak values alcne is not sufficient for
estimating the dynamic loading of a structure, since for longer durations lower
overpressures are reyuired to attain the same damage. The duration increases
about like the cube root of the yield for equal overpressures, making it necessary
to know, in addition to the overpressurs, either the yield, or the duration (or
the distance from the blast) before the dynamic impulse can be computed.

The dynamic impulse may not, however, accurately represent damage levels,
since targets respond differently to impulses of equal total momentum and dif-
ferent durations and peak pressures. The most effective force i8 one in which
the momentum is imparted to the structure in a very short time, and so the moat

effective part of a blast wave is that early part delivered before the target
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becomes appreciably deflected. As a result, one miy only need to consider the
peak or shock values and the rate of decay ilmmediately after the peak in crder
to estimate the damage potential ¢f a blast wave . s

Cn recent tests some attempts have been successful in measuring the time -

¥

dependence of various blast parameters (overpressure, dynamic pressure, wind

19 (32
velocityy tenporature, and density)(*”26’3"3 )c From some of this deta it

iz evident tha’ the rste of decay is nct constsnt, being nearly linecr for

'ﬂ

mell overpressures, and sharper then exponential at high values. The time -
dependencs of e cverpressurc ﬁnd tre dynamic prossurc fer an uarcflected
sphierdcal bles’ 1s represented by tne foliewing lerms. These exprosclens are
approximately corrcet for rellected shocks except in the repgien cf Mach stew
Termatien where tle shapes are ccnslderably chanjed. Beyend the Mach fermatien

roglony hevevery the Mach roflected pressures return to this general form.

AP = 6P (1 - 2)E¥E, @ = 0.5+ C.068 AP
Q= Qs(l - z)zﬁfﬁz, P =05 + 022 AP
/.\PS < 0 .psi
= /D

e P end & are the pesak cverprescure and peal dynamie pressure, and D
1r the wositive duratten (see Flowre 10).  (Ths jesitlve duration of dynanmic =

sseudn-atatdc orecourcs in the reglons of dnterest differ by oniy s frou percent).
'\

te % and ;“ to ¥ regpectively in thwe

-
¥

The ooy dedlontg aoand ¢ oranpgze bebwesn 1

b

rona w e L psl lo zere fer an unreflected spherical blast. Abeve 27 psi the
cimple nrncnpntiui ferm i3 no icrger sultoble since the early deeny requires a

Gorcer oxpenent, than that whleh fits nee_or the end of the positive phase.
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For higher overpressures the forms can be modified setisfactorily:

e ——

a = 0,5+ &P C.C75 - 2(C,088 - (.0C934P )
s 5
€. 43509 - .
07 = 0.0P - ‘
o ,QC%-S 4 r——————

17 043300,
for 15 < AP_ K 45

Theze approximate forms are‘deriqu frem a detalled nuzericsl calculaticn(B;)
end are not tased cn test data, They are, however, compatibie wlth the nublished
ueasuremznts of unreflected blast waves assumihg 0.6 KT blast energy as in '
Fiz. 1), |

Un Mach reflecticn beth the coefficients (a) and (f) seem to increase,
sonetimes by mere than a {actor of twe. Tlis is obvicusly necessary 1 energy

D)

and merertwa in a tlast are to be censerved in reflection; since péak pressure
becomes suddenly larger while the duraticn remains about tle same.

Used in con unction with empirical curves of pesk overpressure (Figure 1)
apd duratiorn (Flguje 12) thiese expressicns make pessiblie the complete specifi-
cutien ef the Llnst Terces in the nbsence of relecticns,

The Lapulse due to either overpressurc cr drag pressure mey be calculeted

Jron thewe loriioy and Leads te the indic.iod apprervimete redinl dependence.

L)
M

» in Kft; KT

vy
A
N Y §
o= jﬁ AP gt A D, v p8i-sce
¥
o)

LT Jﬁ ¢ dt ~ .08 &t nsi-sec

Shese dmpdlesr are showm drn Figure 13 £~ Sunction of the radius in kilefee: forx

cne-t{loteny free alr burst.

Poonase 007 we dilTerent roles enjeyed Ly peed cverpressure and by duratien

3 ) P

(rn rute of duony) toe apnlycis ¢ o parsiculst structure requires the speciflicaticn
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of these parameters individually. However, when the aim is to predict general
levels of damage to general claesses of targets, some simple combination in a
single damage parameter would be useful and perhaps valid.

We are less concerned here with the specific forms propused for danrge
indices than we are wit' the relation bstween isobars on the HOB curves and i80=
damage contours. There is no suggestion that Mach reflection does not enhance
damage, but it is clear that the increase in overpressure mey be of less importance
than an increase in dynamic impulse. Durations do not increase in the Mach reglon,
and total impulses are not far different from the sum of incident and reflected’
waves.

For diffraction type targets and for targets sensitive to duration the HCB
increases will be fairly realistic, but for low frequency structures and targets
sensitive only to total drag impulse, the enhancement due to Mach reflection will
be negligible, and the zero height-of-burst values are more realistic., In the
case of no HOB effect the curves shrink to ares of circles with centers at ground
zerc and radii equal to the surface burst horizontal ranges, while the exlsting
igobar HOB curves should represent = maximum possible Mach effect. It should be
reasonable to draw between these limits eppropriately interpolated curves core
responding to the expected degree ol drar or diffraction response, Given the
proper impulse or dynamic¢ pressure-iime data, it becomes a task for the target
malyst to esteblish such intermedinte curves.

Thig data d0e8 noL wxidL Ly iy prusliidely ab proscilly wvue wb ~o DO clear
tnat it would constitute a significant censideration to the'enalysis of damsge or
collapse of structures in the light of the greater unpredictable variations in
structursl responses.

In the precursor region, much of the preceding simplified pleturs no longer

apnliss. Olow rizes and very irregular pressure and wind waves make peak pressure
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and durations very erratic and unreligble damage guides., The effect of slow rise
times for blast waves is discussed in detail in another recent Sandia Corporation
publicationSBB) The Kugoniot or shock relations no longer hold, and peak over=
pressures arc much lower than would be predicted, while peak dynamic pressures

are not diminished,

(5.) SCALING

In applying the HCB curves to other yields, the height and the borizontal
distances are multiplied by the cube root of the kiloton yiéld. This scaling is
well verified by atomic tast results. |

The HOB curves are not valld in the precursor region, however, and the
precursor region does nct scale in the same manner. This region is probably best
defined by & critical thermsl energy delivered per unit area which is nearly pro-
porticnal tec the yield end te the inverse square of the slant range. Accordingly,
and ignoring such things as the angle of incidence and the deviation of thermal
scaling from strict proporticnality with yield, the range of thermal energlesis
greater than the cube root. For modest ranges in yield this difference may
be negiected.

For targets asbove the surfate, it is probably sufficlent to assume the Mach
stem heicht also gcales by the sube reoot law, so that at the scaled range, for a
sealed burs® height, the Mach stem will be at a height increased by the cube root
nt the vield over the one Xloton helpht, Unfortunately Mach stem height is not
o1 Ymown, since it sgems to vary redically from test to test and even on a
sinclo test at different ranges.

I{ the peak overpressure alone is used as a damage index for drag targets

the scaling used snould be greater than the cube root. Recent studies at

’AND’3>936’37’381 and elsawhera(39) have considered in detail the effont of
FOHREIENRENTIA
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changing durationz with yleld for various target types. No simple ruile
imvaelving peak overpressure has resulted, but always the bonus from longer

© durations is significant for larger yields.

iV. CONCLUSIONS

CHANGING CONCEPES

The trend in blast prediction philosophy is toward aerodynamic and away from
pseudo-gtatic notions of target loading and resbonse. Most milltarily significant
targets have proved vulnerable to dynamic or drag pressures and are destroyed not
by squeezing or by the short impulse supplied by the shock overpressure, but by
the winds which follew the shocks

The use qf peak overpressure as 2 damage guide to such target groups is ine-
convenient aﬁd in many ingtances misleading, and in the past twe years many
analysts have modified thelr prediction methods to depend directly on dynamic or
wind pressureg, or to include other parameters such as the positive phase duration
of the Llasy wave.

It i3 also a fach thab structurzl engineers con never achleve great precision
in predicting damage or destruction to individual structures or targets. This
fanty couplad with the usunlly incomplete intellirence about the history snd cone
clreetion of pardleoular targets; makes uncertainties in the blast loading = rather
unirmortant gource of error, Thus, the lack of reproducibility in blast phenomena
s he variations introduced inte tihe blast by Local surface or varget effects
nond nst be of preat coneern in operational planning, and showld not invelidebe
che wes of surves derived from scatiored data,

RATUNDE OF TARGRIZ

Ao important fact that must bte nédntioned in connection with the height of

£
i
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Y
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)
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L B DU U B X R UpIgugy

burst problem is the "hard® natur¢e of most bargels of milltary significauce. In
both strategical and tactical situations the primery targets gensrally require
much greater than hurricane forces to accomplish destruction. On the basis of
the Hugonlot relations (mentioned in Section III), an overpressure of 20 psi pro=
duces & dynamic pressure of only 8 psi (200 mph wind) and values greater than
these are frequently necessary to overturn bridges, reinforced concrete buildings,
or armoured vehlcles.

For such "erd" targets the HOB curves (Figures L, 5, 6, 7) would always
preseribe s surfaée burast (for overpressures greater than 15 psi).

FUZING

The requirement for precision fuzing with its concomitant complicated radar
circuits does not exist for low or surface burats. One can sugpest many vital
targets requiring near surface bursts but relaﬂvely few significant targets re-
quiring high bursts. Weapons currently in stockpile already have precision fuzing
capabilitles, but one may expect future weapons to include leas stringent(fuzing,
narhaps baro=fuzing and contact or proximity fuzing. This would allow some savings
in welght and size, and would reduce radar jamming, as well as avold some problems
of predetonation, delivery, maintenance and logistics.

It is important to recognize that there exist situations where optimized
burst heights will stlll be relatively high, howsver, and a capability for such
delivery should not be lost. Any target with no "hard core", or need for increesed
nuclear or thermal radiation, any case vhere urban area destruction is of primary
importance, any case where parked aircraft are the moat important targets, might
require high bursig,

In the light of the many factors mentioned which tend to ameliorate the

CONFIDENTIAL
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effect of burst height, the precise heipht of buret would appear te enjoy enly o
minor role In planming operations or in assessing damaging for a majority of

instances.
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